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, , $z$ *- $\text{ }\log z$
. $U,$ $W,$ $T\in \mathfrak{M}_{f.g}(V)$ , $3_{\mathcal{L}}(U:Warrow T)$ $\log z$
$(\begin{array}{ll} TU W\end{array})$ . , $\mathcal{Y}\in 2_{\mathcal{L}}(U:Warrow T)$ , $u\in U$
,
$\mathcal{Y}(u, z)=\sum_{r\in \mathbb{C}}\sum_{i=0}^{k}u_{r,i}z^{-r-1}\log^{i}z$ $u_{r,i}\in \mathrm{H}\mathrm{o}\mathrm{m}(W, T)$
, . ( 22 ).
$U,$ $W$ ,
$\mathcal{F}(U, W)=\{(T, \mathcal{Y}^{T})\in 3_{L}(U:Warrow T)|T\in \mathfrak{M}f\cdot g(V), T=<{\rm Im} \mathcal{Y}^{T}>\}$
, $\geq$ .
$(T, \mathcal{Y}^{T})\geq(S, \mathcal{Y}^{\mathit{8}})\Leftrightarrow\exists g$ : $Tarrow S\mathrm{s}.\mathrm{t}$ . $\mathcal{Y}^{S}(u, z)w=g(\mathcal{Y}^{T}(u, z)u’)^{\forall}u\in U,$ $w\in W$
, $A\geq B,$ $B\geq A$ $A=B$ ,
.
$U,$ $W$ $U\text{ }W$ , , (
) . , $(T, \mathcal{Y}^{T})\in \mathcal{F}(U, W)$ , $\mathcal{Y}^{T}=g(\mathcal{Y})$
$g:U\text{ }Warrow T$ .
, $\mathcal{F}(U, W)$ ( ) . ,
2 $(T^{1}, \mathcal{Y}_{1}),$ $(T^{2}, \mathcal{Y}_{2})\in \mathcal{F}(U, W)$ ,
$\mathcal{Y}(u, z^{\mathrm{a}})w=(\mathcal{Y}_{1}(u, z)w,$ $\mathcal{Y}_{2}(u, z)w)\in T^{1}\oplus T^{2}\{z\}[\log z]$ $\forall_{u}\in U,$ $w\in W$
, $\mathcal{Y}$ , $T=<{\rm Im} \mathcal{Y}>$ , $\pi_{i}$ : $T\underline{\subseteq}T^{1}\oplus T^{2}arrow T^{i}$
, $\pi_{i}(\mathcal{Y}(u, z)w)=\mathcal{Y}_{1}(u_{7}z)w$ , $(T^{i}, \mathcal{Y}_{i})\leq(T, \mathcal{Y})$ .
, $S\{z\}$ $\{\sum_{n\in \mathbb{C}}s_{n}z^{n}|s_{n}\in S\}$ . , $<{\rm Im} \mathcal{Y}>$ $\mathcal{Y}$
, .
C2 . $W^{1}\dot,$ $\cdots,$ $W^{k}$
, , (Wl), ..., $\mathrm{w}\mathrm{t}(W^{k})$ ,
. $V$ $v$ $v_{n}$
, . ,
$T$ NN $\oplus_{i=0}^{\infty}T(\mathrm{i})$ . , $T(0)$
$\mathrm{w}\mathrm{t}(T)$ , $T(\mathrm{i})$ $\mathrm{w}\mathrm{t}(T)+\mathrm{i}$ . ,
$d_{V}$ $\mathrm{w}\mathrm{t}(W_{i})-\mathrm{w}\mathrm{t}(W_{j})\in \mathbb{Z}$
. , . $d_{V}$ .
, $T$ $W=\oplus_{i=0}^{\infty}W(i)$ $W$
$(T)+d_{V}$ , $\oplus_{i=0}^{d_{V}}T(i)$ $W(0)$ . ,
$T[d]$ $\oplus_{i=0}^{d}T(\mathrm{i})$ . , $T$ $\dim T[d_{V}]$ .
, 1 , $\mathcal{F}(U, W)$ ,
$\mathcal{F}(U, W)$ ( , $U$ $W$) ( 2).
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1 $V$ $C_{2}$ , $U,$ $W,$ $T\in \mathfrak{M}_{f.g}(V),$ $(T, \mathcal{Y})\in \mathcal{F}(U, W)$
. , $\dim T[d_{V}]$ t $U$ $W$ .
2 $V$ C22 , $U,$ $T$ V D .
, $U$ $T$ , VV .
, $V$- $f$ : $Uarrow W$ (W $T$, $\mathcal{Y}_{W}$ ) $\in \mathcal{F}(W, T)$
, , $u\in U$ $\tilde{\mathcal{Y}}_{W}(u, z)\in \mathrm{H}\mathrm{o}\mathrm{m}$ ($T,$ $W$ $T$) $\{z\}[\log z]$
$\tilde{\mathcal{Y}}_{W}(u, z):=\mathcal{Y}W(f(u), z)\in \mathrm{H}\mathrm{o}\mathrm{m}$( $T,$ $W$ $T$) $\{z\}[\log z]$ ,
, $\tilde{y}_{W}\in?c(U:Tarrow S)$ . ,
$\tilde{f}\tau$ : $U$ $Tarrow{\rm Im}(\tilde{\mathcal{Y}}_{W})\underline{\subseteq}W$ $T$








$\mathrm{O}arrow U$ $Tarrow W$ $Trightarrow S$ $Tarrow \mathrm{O}$
.
3 $T$ V $\zeta$ , $T$ . , T
. , .
$\mathrm{f}\mathrm{f}\mathrm{i}\overline{\overline{-}}\text{ }$
$g$ : $Warrow Sl\mathrm{h}\not\leqq \mathrm{f}\mathrm{f}\mathrm{i}rx\sigma \mathit{3}\vee C^{\backslash }\backslash ,$ $\text{ _{}\backslash }\sigma \mathit{3}\mathcal{Y}\in 3_{L}(S:Tarrow S\text{ }T)\iota_{\mathrm{L}}^{\mathrm{r}}\mathrm{f}\mathrm{l}\backslash \text{ ^{}-}C$ , $\mathcal{Y}’(w, z)t=$
$\mathcal{Y}(g(w), z)t\text{ }arrowarrow \text{ }*,$ $\mathcal{Y}’\in I(W:Tarrow S\text{ }T)\mathrm{B}_{\grave{\grave{1}}}\mathrm{f}\mathrm{f}\text{ ^{}\backslash }\backslash \text{ }$ . $\text{ _{}\mathrm{X}_{-}^{\mathrm{b}}},\tilde{g}_{T}l2$ :
$\text{ ^{}-}C^{\backslash }\backslash \mathfrak{X})\text{ }$ . $\text{ }_{\llcorner}’,\tilde{f}_{T}\tilde{g}_{T}f\mathrm{h}\text{ }\mathrm{B}_{1}\text{ }fg=0\mathrm{g}_{\mathrm{i}^{-}}\mathfrak{F}\backslash \text{ }-.\mathrm{t}_{3}\text{ }ff\text{ ^{}-}C^{\backslash }\backslash ,$ $\mathrm{K}\mathrm{e}\mathrm{r}\tilde{g}_{T}\supseteq{\rm Im}\tilde{f}_{T}\text{ ^{}\triangleleft}\text{ }$
$\text{ }$ . $X={\rm Im}\tilde{f}_{T}\text{ _{}\llcorner}^{\ovalbox{\tt\small REJECT} \text{ }}$ . $\text{ _{}\underline{\#}_{\backslash }}^{\Rightarrow},q$) $t\in T,$ $u\in U1_{\mathrm{L}}^{}\text{ _{}\tau}\text{ ^{}\vee}C,$ $\mathcal{Y}(f(u), z)t=\tilde{f}(\mathcal{Y}(u, z)t)rx\text{ ^{}\vee}\mathrm{r}^{\backslash }\backslash$,
$X=<w_{n,i}t|t\in T,$ $w\in f(U),$ $n\in \mathbb{C},$ $\mathrm{i}\in \mathrm{N}>$
.
, ($W$ $T,$ $\mathcal{Y}^{W}$ ) , $\overline{\mathcal{Y}^{W}}$ :
$\overline{\mathcal{Y}^{W}}\in Z_{L}(W : Tarrow(W\text{ }T)/X)$ .
$w\in f(U)$ , $\overline{\mathcal{Y}^{W}}(w, z)=0$ , $\overline{\mathcal{Y}^{W}}\in$ ($W/f(U)$ : $Tarrow(W$ $T)/X$)
, $W/f(U)\cong S$ , $\overline{\mathcal{Y}^{W}}\in 3_{L}$ ( $S$ : $Tarrow(W$ $T)/X$)
. $S$ $T$ , $\phi$ : $S$ $Tarrow$ ($W$ $T$) $/X$ ,
$\phi(\mathcal{Y}^{S}(g(w), z)t)=\overline{\mathcal{Y}^{W}}(w+f(U), z)t$ . , $<{\rm Im} \mathcal{Y}^{W}>=W$ $T$
64
, $<{\rm Im}\overline{\mathcal{Y}^{W}}>=$ ( $W$ $T$) $/X$ , $\phi$ . $\tilde{f}_{T}$ ,
$\tilde{g}\tau|_{W\mathrm{H}T/X}arrow S$ $T$ , $\mathrm{K}\mathrm{e}\mathrm{r}\tilde{g}_{T}={\rm Im}\tilde{f}_{T}$ , 1
. .
4 $V$ 02 , $V$ VV ,
. , $V$ . , V l .
, VV $W$ , VV $f$ : $Uarrow W$
. , $V$- $g:Warrow U$ $fg=\mathrm{I}\mathrm{d}_{W}$ . ,
$V$ . .
$U$ VW , $\mathrm{H}\mathrm{o}\mathrm{m}(U, \mathbb{C})$ , VC . ,
, , $U^{*}=\oplus_{n\in \mathrm{N}}\mathrm{H}\mathrm{o}\mathrm{m}(U(n), \mathbb{C})$ VC
([FHL] ). , $U$ $U^{*}$
.
. , $W$
. , $W$ $U$ , $W/U$ .
( ) , $\log z$ $U$ $Y^{U}\in 3_{L}(V : Uarrow U)$
$(\begin{array}{l}UUV\end{array})$ $I\in 7_{\mathcal{L}}(U : Varrow U)$ . ,
, $U^{*}$ $V^{*}$ $I^{*}\in 3_{\mathcal{L}}(U$ : U*\rightarrow V
. [FHL] . , $V$ , $f$ : $U$ $U^{*}arrow V^{*}$
, , $U\text{ }U^{*}$ $W\ovalbox{\tt\small REJECT} U^{*}$
, , $W$ $U^{*}$ $V^{*}$ . ,
$V^{*}$ , , $\phi$ : $W\text{ }U^{*}arrow V^{*}$
$\phi$ ( $U$ $U^{*}$ ) $=V^{*}$ . $\phi$ , ( )
< $>W\mathrm{x}U^{*}arrow \mathbb{C}$
$<w,$ $u^{*}>=<\phi(w_{\mathrm{w}\mathrm{t}\{w)-1+\mathrm{w}\mathrm{t}\langle u)}*u^{*}),$ $1>$ . ,
, $<,$ $>$ Vp . , , $<,$ $>|U\mathrm{x}U^{*}$





, 02\mbox{\boldmath $\alpha$} $V$ . ,
$C_{2}$ $k$
$C_{k}(V)=<v_{-k}u|v,$ $u\in V,$ $\mathrm{w}\mathrm{t}(v)\geq 0>$
85
, $\dim V/C_{2}(V)<\infty$ . , $A_{2}(V)$ ,
$V=<A_{2}(V)>+C_{2}(V)$ . ,
Zhu[Z]
, , . $V$
C2 , ,
5 (3) , .
$5[[\mathrm{M}],[\mathrm{G}\mathrm{N}]]$ $V$ C22 . ,
(1) $V$ ,
(2) $V$ ( ) NN ,
.
(3) $\Omega$ . $u\in\Omega$ , $u$ VV Vu ,
$Vu=\langle a_{s_{1}}^{1}\cdots a_{s_{h}}^{h}u|a^{i}\in A_{2}(V), s_{1}<arrow\cdots\leq s_{h}\rangle$
.
(4) $U\in \mathfrak{M}_{f.g}(V)$ $k\geq 0$ , $\dim A_{k}(U)\leq\dim U/C_{2+k}(U)<\infty$
, $(W, Y^{W})$ , X VR $W=\oplus_{n=0}^{\infty}W(n)$ ,
$v\in V$ , $v_{\mathrm{w}\mathrm{t}(v)-1-k}W(n)\underline{\subseteq}W(n+k)$ .
$k$ $o_{k}(v)$ $k$ . $A_{k}(U)$ $U$
k-th Zhu ( 22 ).
$V$ C22 . VC ,
. maxwt , minwt
. , $d_{V}$ VV
.
$(Vu)_{k}$ Vu $k$ . $\dim(Vu)_{k}$
.
6 Vu $\mathrm{w}\mathrm{t}(u)$ $\phi(\mathrm{w}\mathrm{t}(u))$ .
[ ] 1 , Vu $\dim Vu[d_{V}]$
. , $\dim Vu[d_{V}]$ , , A2(V)
, $\max\{|\mathrm{w}\mathrm{t}(a)||a\in A_{2}(V)\}<\delta$ $\delta\in \mathbb{Z}$ . , $0\neq a_{s_{1}}^{1}\cdots a_{s_{h}}^{h}u\in$
Vu $[d_{V}]$ $(a^{i}\in A_{2}(V), s_{1}\leq\cdotsarrow<s_{h})$ . $\mathrm{w}\mathrm{t}(a_{s_{h}}^{h}u)\geq \mathrm{m}\mathrm{i}\mathrm{n}\mathrm{w}\mathrm{t}$ , $\delta-1+\mathrm{w}\mathrm{t}(u)-$
minwt $>s_{h}$ , , $\mathrm{w}\mathrm{t}(a_{s_{2}}^{2}\cdots a_{s_{h}}^{h}u)\geq \mathrm{w}\mathrm{t}(Vu)\geq \mathrm{m}\mathrm{i}\mathrm{n}\mathrm{w}\mathrm{t}$ , $s_{1}>\gamma-1-$
$\mathrm{w}\mathrm{t}(u)-d_{V}+\mathrm{m}\mathrm{i}\mathrm{n}\mathrm{w}\mathrm{t}$ . ,
(Vu) $[d_{V}]\subseteq<a_{s_{1}}^{1}\cdots a_{s_{h}}^{h}u|a^{i}\in A_{2}(V),$ $M\leq s_{1}<\cdots<s_{h}\leq N>$
. , $M=\delta-1-d_{V}-\mathrm{w}\mathrm{t}(u)+\mathrm{m}\mathrm{i}\mathrm{n}\mathrm{w}\mathrm{t},$ $N=-\delta-1+\mathrm{w}\mathrm{t}(u)-\mathrm{m}\mathrm{i}\mathrm{n}\mathrm{w}\mathrm{t}$
. , $\dim(Vu)[d_{V}]\leq|A_{2}(V)|^{2\delta+\mathrm{w}\mathrm{t}\langle u)+d_{V}-2\min \mathrm{w}\mathrm{t}}$ 1
, .
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7 $V$ 02\mbox{\boldmath $\alpha$} , $U$ VU . ,
VV $f$ : $Parrow U$ $P$ .
[ ] $U$ , $u^{1},$ $\ldots,$ $u^{k}\in U$ , $U=Vu^{1}+\cdots+Vu^{k}$
.
$\mathcal{G}=$ { $(f,$ $\{w^{i}\},$ $W)|$ V} $f$ : $Warrow U,$ $f(w^{i})=u^{i},$ $W=Vw^{1}+\cdots+Vw^{k}\}$
, .
$(f_{1}, \{w_{1}^{i}\}, W_{1})\geq$ ( $f_{2},$ $\{w_{2}^{i}\}$ , W2)\Leftrightarrow V 3g : $W_{1}arrow W_{2}\mathrm{s}.\mathrm{t}$. $g(w_{1}^{i})=w_{2}^{i}$
$W_{1}\geq W_{2}$ $W_{1}$ $W_{2}$ .
$(f, \{w^{i}\}, W)\in \mathcal{G}$ , $\mathrm{w}\mathrm{t}(w^{i})=\mathrm{w}\mathrm{t}(u^{i})$ , , $Vw^{i}$
$(\leq\phi(\mathrm{w}\mathrm{t}(u^{i})))$ , $W$ $\sum_{i=1}^{k}\phi(\mathrm{w}\mathrm{t}(u^{i}))$
. , $\mathcal{G}$ $(f, \{w^{i}\}, W)$ . $W$
.
, $g$ : $\zeta 7$ $arrow W$ . $g(v^{i})=w^{i}$ $v^{i}\in\Omega$ . $\Omega^{0}=$
$Vv^{1}+\cdots$ V . , $g(\Omega^{0})=W,$ $g(Vv^{i})=Vw^{i}$ , $(g|\Omega^{0}, \{v^{i}\}, \Omega^{0})\in \mathcal{G}$
, , $\Omega^{0}\geq W$ , $W$ , $g|\Omega^{0}$ . ,
$\varphi$ : $Warrow\Omega^{0}$ , $g\varphi=1_{W}$ , $\Omega=\varphi(W)\oplus \mathrm{K}\mathrm{e}\mathrm{r}g$ , $g$
. , $W$ 1
2.2 $\log z$
, , $\log^{j}z$ ,
, .
1
Definition 1 $(U, Y^{U}),$ $(W, Y^{W})\}(T, Y^{U})$ V I . $(\begin{array}{l}TUW\end{array})$
$\mathcal{Y}(, x)$ : $Uarrow \mathrm{H}\mathrm{o}\mathrm{m}(W, T)\{z\}[\log(z)]$
$\mathcal{Y}(u, x)=\sum_{i=0}^{K_{u}}\sum_{n\in \mathbb{C}}u_{n,i}z^{-n-1}(\log(z))^{i}$
.
1. , : , $\forall u\in U,$ $\forall w\in W^{\forall},\mathrm{i}\in \mathrm{N},$ $\exists Ns.t$ . $u_{n,i}w=0^{\forall}n\geq N$
2. $L(-1)- d$ : $\mathcal{Y}(L(-1)u, z)=\frac{d}{dz}\mathcal{Y}(u, z)$




, i,jvwms–lX\Sigma Yi N(v(,-zl)) qik){$\backslash$ bvPmT qz–l-(mu-n+li wr\check f)‘F‘-6(-l)qun+q- jvt\lambda +il}.
$(\begin{array}{ll} TU W\end{array})$ $(U : Warrow T)$ .
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:Borcherds
, , $\log z$ . , $\log z$ ,









VV $W$ , $W=\oplus_{n\in \mathbb{Z}}W(n)$ . ,
$\mathrm{w}\mathrm{t}(W)$ $W(0)$ , $W(n)$ $n+\lambda$ . Zhu
$U$ $U(0)$ , Zhu VV ,
, Zhu
. Zhu [DLM] ,
$O_{n}(U)=< \sum_{i=0}^{\mathrm{w}\mathrm{t}a+n}(\begin{array}{l}\mathrm{w}\mathrm{t}a+ni\end{array})a_{i-2-2n}u|a\in V,$ $u\in U>$
, $A_{n}(U)=U/O_{n}(U)$ . , $U=V$ ,
, $O_{n}(V)$ $\{L(-1)v+L(0)v|v\in V\}$ .
$\mathcal{Y}(u, z)=\sum_{m\in \mathbb{C}i},u_{m,i}z^{-m-1}\log^{i}z$
,
$\mathcal{Y}\in 3_{\mathcal{L}}(U : Warrow T)$
$k$ $\log^{j}$ $o_{k,j}(u)$ .
, $w\in W$ , $a\in V_{\mathrm{w}\mathrm{t}(a)}$ , $a_{\mathrm{w}\mathrm{t}(a)+d+i}$ $d+1$ , $a_{\mathrm{w}\mathrm{t}(a)+d+i}w=0$
, $a_{\mathrm{w}\mathrm{t}(a)-2-d-i}u_{m,j}w\in T[d]$ $a_{\mathrm{w}\mathrm{t}(a)-2-d-i}u_{m,j}w=0$ .
, $n=\mathrm{w}\mathrm{t}(W(c))-\mathrm{w}\mathrm{t}(T(d)),$ $w\in W(c)c,$ $d\leq d,\tau$ , Borcherds
( $q=-2-2d_{V},$ $m=\mathrm{w}\mathrm{t}(a)+d_{V}$ ,
$o_{n,j}( \sum_{i\in \mathrm{N}}(_{\dot{2}}^{\mathrm{w}\mathrm{t}(a)+d_{V}})a_{i-2-2d_{V}}u)w$
$= \sum_{i\in \mathrm{N}}(_{i}^{\mathrm{w}\mathrm{t}(a)+d_{V}})(a_{-2+i-2d_{V}}u)_{\mathrm{w}\mathrm{t}(a)+n+\mathrm{w}\mathrm{t}(u)+2d_{V}-i,j}w$
$= \sum_{i\in \mathrm{N}}(-1)^{i}(\begin{array}{l}-2-2d_{V}i\end{array})\{a_{\mathrm{w}\mathrm{t}\langle a)-2-d_{V}-i}(u_{\mathrm{w}\mathrm{t}(u)+d_{V}+n+i,j}w)-u_{\mathrm{w}\mathrm{t}(u)-d_{V}+n-2-i,j}a_{\mathrm{w}\mathrm{t}(a)+i+d\gamma}w\}$
$=0$
. , $j$ , $\phi_{j}^{c,d}$ : $u\in Uarrow o_{n,j}(u)|w\langle_{\mathrm{C}}$ ) $\in \mathrm{H}\mathrm{o}\mathrm{m}(W(c), T(d))$
, $\overline{\phi_{j}}$ : $A(U)arrow \mathrm{H}\mathrm{o}\mathrm{m}(W(c), T(d))$ .
, $U=V,$ $W=T,$ $\mathcal{Y}$ $W$ $Y^{W}$ ,
$O_{d_{V}}(V)$ , $W[d_{V}]$
68













, $L(0)-\mathrm{w}\mathrm{t}(w)-\mathrm{w}\mathrm{t}(u)+n+1$ , $\log^{j}z$ $\log^{j+1}z$
. , $\mathcal{Y}(u, z)$ , $i>K_{u}$ $u_{n,j}=0$ ,
$(L(0)-\mathrm{w}\mathrm{t}(w)-\mathrm{w}\mathrm{t}(u)+n+1)^{k}u(n,j)w=0$ ,
, $u(n,j)w$ $\mathrm{w}\mathrm{t}(w)+\mathrm{w}\mathrm{t}(u)-n-1$ $K_{u}$ $L(0)$
. ,
. .
, $r$ $v$ , $(L(0)-r)^{m}v=0$ $m$
$v$ hight2 , $L(0)$ $\oplus_{i=0}^{d}T(\mathrm{i})$
hight $\oplus_{i=0}^{d}T(\mathrm{i})$ .
$\oplus_{i=0}^{d}T(\mathrm{i})$ $A_{d}(V)$ . $C_{2^{-}}$
, Zhu $A_{d_{V}}(V)$ , $f(x)\in \mathbb{C}[x]$
, $A_{d_{V}}(V)$ $f(\omega)=0$ . $f(x)=$ \Pi l(x-\lambda i)mi . ,
$\mathrm{i}\neq j$ $\lambda_{i}\neq\lambda_{j}$ . $m_{i}$ high $(A_{d_{V}}(V))$ .
8 $V$ C22 , $T$ VV , $T[d_{V}]$
$\mathrm{h}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t}A_{d_{V}}(V)$ . , $0\neq u_{(n,j)}w\in\oplus_{i=0}^{d}T(\mathrm{i})$
$i\leq \mathrm{h}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t}A_{d_{V}}(V)$ .
2 I $m_{i}$ .
.
89
[ ] $T[d_{V}]$ l , A$\sqrt$V)V ,
$0=o(0)T( \mathrm{O})=o(\prod_{i=1}^{r}(\omega-\lambda_{i})^{\mathrm{h}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t}A(V)})T(0)=\prod_{i=1}^{r}(L(0)-\lambda_{i})^{\mathrm{h}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t}A(V)}T(0)$
. , hight $\oplus_{i=0}^{d}T(\mathrm{i})\leq \mathrm{h}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t}A(V)$ . , $j>\mathrm{h}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t}A(V)$ $t=$
$u(n,j)w\in T(r),$ $r\leq d$ , $t$ $\mathrm{L}(0)$ $\mathrm{w}\mathrm{t}(u)+\mathrm{w}\mathrm{t}(w)-n+1+r$
, $u_{(n,j)}w= \frac{1}{j}(L(0)-\beta)u_{(n,j-1)}w=\cdots=\frac{1}{j!}(L(0)-\beta)^{j}u_{(n,0)}w=0$
. , $\beta=\mathrm{w}\mathrm{t}(u)+\mathrm{w}\mathrm{t}(w)-n+1+r$ , 1
2.5 1
, 1 1 .
, $S$ , $0\neq w\in S(0)$ , [DM] , $S=<a_{n}w|$
$a\in V,$ $n\in \mathbb{Z}>$ ,
$S=<a_{\mathrm{w}\mathrm{t}(a)-2-d_{V}-j}w|a\in V,$ $j\in \mathrm{N}>\oplus S[d_{V}]$
. $W$ , $W$
$\mathrm{w}\mathrm{t}(W)+d_{V}$ ,
$W=<a_{\mathrm{w}\mathrm{t}(a)-2-d_{V}-j}w|a\in V,$ $w\in W[d_{V}],j\in \mathrm{N}>\oplus W[2d_{V}]$
. Borcherds ,
$u_{m,p}(a_{\mathrm{w}\mathrm{t}(a)-2-d_{V}-j}w)$
$=a_{\mathrm{w}\mathrm{t}(a)-2-d_{V}-j}u_{m,p}w- \sum_{i=1}^{\infty}(_{i}^{\mathrm{w}\mathrm{t}(a\succ F\tau d_{V}-j})(a_{i}u)$ $(a\rangle-2-d_{V}-j+m-i,pw$
,
$T=<u_{m,j}w,$ $a_{\mathrm{w}\mathrm{t}\{a)-2-d_{V}-j}w’|w\in W[2d_{V}],$ $w’\in W,$ $a,$ $u\in V>$
. , $\mathrm{w}\mathrm{t}(a_{\mathrm{w}\mathrm{t}(a)-2-d_{V}-j}w’\geq d_{V}+\mathrm{w}\mathrm{t}(W)$ ,
$T[d_{V}]=<u_{m,j}w\in T[d_{V}]|w\in W[2d_{V}],$ $u\in U,$ $m,j>$
. 8 , $j\leq \mathrm{h}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t}A_{d_{V}}(V)$ . , $u\in O_{2d_{V}}(U),$ $w\in W[2d_{V}]$
$u_{m,j}w=0$ ,
$T[d_{V}]=\langle u_{s,j}w\in T[d_{V}]|w\in W[2d_{V}],u\in U/O_{2d_{\mathrm{V}}}(U),j\leq \mathrm{h}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t}A_{d_{V}}(V)\rangle$
. , $T[d_{V}]$ $d_{V}+1$ $s$ $d_{V}+1$
.
$\dim T[d_{V}]\leq\dim A_{2d_{V}}(U)\mathrm{x}\dim W[2d_{V}]\mathrm{x}\mathrm{h}\mathrm{i}\mathrm{g}\mathrm{h}\mathrm{t}A_{d_{V}}(V)\mathrm{x}(d_{V}+1)$
, $\dim T[d_{V}]$ $U,$ $W,$ $V$ .
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3
$V$ VV , $V$
. 7 , $U$ ,
, , ( )
.
9 $V$- $U$ , $f$ : $Warrow U$ , $\mathrm{K}\mathrm{e}\mathrm{r}f$
$W$ .
[ ] 2 : $P_{i}arrow U(i=1,2)$ . , $W=$
$\{(a, b)\in P_{1}\oplus P_{2}|f_{1}(a)=f_{2}(b)\}$ VV , \pi $Warrow P_{i}$ .
, $\tau_{i}$ : $P_{i}arrow W$ , $\rho_{i}\tau_{i}=1_{P_{i}}$ $\mathrm{i}$ . $\pi_{2}\tau_{1}$ : $P_{1}arrow P_{2}$
$\pi_{1}\tau_{2}$ : $P_{2}arrow P_{1}$ $f_{2}\pi_{2}\tau_{j}(P_{1})=U$ , $(\pi_{1}\tau_{2}\pi_{2}\tau_{1})^{s}(P_{1})(s=1,2, \ldots)$ $P_{1}$
. $P_{1}$ ( ) ,
$N$ , $(\pi_{1}\tau_{2}\pi_{2}\tau_{1})^{N}(P_{1})=(\pi_{1}\tau_{2}\pi_{2}\tau_{1})^{N+1}(P_{1})$ . , $\Phi_{1}=(\pi_{1}\tau_{2}\pi_{2}\tau_{1})^{N}$
, \Phi 1|4f}l( , $P_{1}={\rm Im}\Phi_{1}\oplus \mathrm{K}\mathrm{e}\mathrm{r}\Phi_{1}$ . , $\mathrm{K}\mathrm{e}\mathrm{r}\Phi_{1}\underline{\subseteq}\mathrm{K}\mathrm{e}\mathrm{r}fi$
, $\mathrm{K}\mathrm{e}\mathrm{r}\Phi_{1}=0$ , $\pi_{2}\tau_{1}$ : $P_{1}arrow P_{2}$ . ,
$\pi_{1}\tau_{2}$ : $P_{2}arrow P_{1}$ , $P_{1}\cong P_{2}$ , 1
$U$ $f$ : $Parrow U$ $\mathrm{K}\mathrm{e}\mathrm{r}f$ , $U$
( ):
$f_{n+1}$ $f_{n}$ $f_{1}$ $f_{0}$
$\ldotsarrow P^{n+1}arrow P^{n}arrow P^{n-1}arrow\cdotsarrow P^{1}arrow Uarrow 0$
. , $H_{n}(U)$
$H_{n}(U):=(\mathrm{K}\mathrm{e}\mathrm{r}f_{n-1}\cap \mathrm{V}\mathrm{a}\mathrm{c}(P_{n}))/f_{n+1}$(Vac $(P_{n+1})$ ),
. , Vac(W) $=\{w\in W|v_{n}w=0^{\forall}v\in V, n\geq 0\}$
. , .
10 $V$ 02\mbox{\boldmath $\alpha$} . , $V$
$H_{0}(V)=0$ .
[ $\text{ }$ ] , $V$ , $H_{0}(V)=0$ . , $H_{0}(V)=0$ , $V$
, $V$ , $P$ $f$ : $Parrow V$
. $\mathrm{V}\mathrm{a}\mathrm{c}(V)=\mathbb{C}1$ , $\mathrm{V}\mathrm{a}\mathrm{c}(P)-\mathrm{V}\mathrm{a}\mathrm{c}(\mathrm{K}\mathrm{e}\mathrm{r}f)$ $p$ , $f(p)=1$ .
, Borcherds , p $=0^{\forall}n\geq 0$ , $W=<v_{-1}p|v\in V>$
VV . , $f_{|W}$ . , $P=\mathrm{K}\mathrm{e}\mathrm{r}f\oplus W$
, 1
, .
1 $P$ , $U$ $P$
71
2 $\oplus_{i=0}^{\infty}H_{i}(V)$ ( ) , $\oplus_{\dot{x}=0}^{\infty}H_{i}(U)$
.
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